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Editorial Note  

To facilitate presentation, review, and perusal of the large quantity of observations and data generated 

under Task Order M16PD00025, the task order deliverable was divided into the following four standalone 

documents: 

 

1. Field Observations during Wind Turbine Installation at the Block Island Wind Farm, Rhode 

Island (BOEM 2019-027) ï reports on the methods, observations, data analyses, results,  and 

conclusions from environmental monitoring conducted at the BIWF under BOEMôs RODEO 

Program during the assembly of the wind turbine generator components (turbine towers, nacelles, 

and blades). 

 

2. Field Observations during Wind Turbine Operations at the Block Island Wind Farm, Rhode 

Island (BOEM 2019-028) ï reports on the methods, data analyses, results, observations, and 

conclusions from environmental monitoring conducted at the BIWF under BOEMôs RODEO 

Program during turbine operations. 

 

3. Underwater Acoustic Monitoring Data Analyses for the Block Island Wind Farm, Rhode Island 

(BOEM 2019-029) ï reports on the methods, observations, results, and conclusions from additional 

analyses of underwater acoustic monitoring data collected under BOEMôs RODEO Program during 

the pile driving for securing the turbine foundations to the seabed.  

 

4. Benthic Monitoring During Wind Turbine Installation and Operation at the Block Island Wind 

Farm, Rhode Island (BOEM 2018-047) ï Published in 2018, this report presented the methods, data 

analyses, results, observations, and conclusions from benthic monitoring conducted in 2017 and 2018 

at the Block Island Wind Farm (BIWF) under BOEMôs RODEO Program. 
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Executive Summary 

This report presents methods, data analyses, and results from the Bureau of Ocean Energy Managementôs 

Real-Time Opportunity for Development Environmental Observations Program environmental 

monitoring conducted within the Block Island Wind Farm Project Area during wind turbine operations. 

Visual observations of the operating turbines, airborne noise monitoring, and underwater sound 

monitoring were conducted1. Key results and conclusions from these monitoring surveys are summarized 

below. 

Visual Observations 

The operating turbines were observed from various onshore and offshore locations during day-time, 

night-time, and various weather conditions. Key conclusions are as follows: 

¶ During daytime and under clear weather conditions, the turbines are noticeably visible from the 

Southeast Lighthouse shoreline on Block Island, which is approximately 4.6 kilometers (km; 2.83 

miles [mi]) away. 

¶ During daytime and under foggy conditions, the turbines and its lights cannot be seen from 

approximately 4.6 km (2.83 mi) away. 

¶ From the Point Judith shoreline, on a clear day, both Block Island and the turbines are visible 

with the naked eye during the day and at night. 

¶ Neither the island nor the turbines are visible from Point Judith under foggy conditions. 

¶ During daytime, Block Island is barely visible from Brenton State Park, which is located 

approximately 38.28 km (23.79 mi) from the turbines and the turbines cannot be seen with the 

naked eye. 

¶ On a clear night, however, the turbine lights are visible from Brenton State Park. 

¶ Offshore, at nighttime and under clear skies, the turbine lights are visible with the naked eye up to 

43.05 km (26.75 mi). The lights cannot be seen even with binoculars on a clear night at an 

offshore distance of 44.3 km (27.5 mi). 

Overall, visibility of the turbines from land and water during the day was strongly dependent upon 

weather conditions and distance. At night the turbine lights could be seen on a clear night from as far 

away as 43.05 km (26.75 mi). 

Airborne Noise Monitoring 

Continuous airborne noise monitoring was conducted at an onshore location on Block Island over a three-

month (8 February to 28 May 2017) period to record noise levels emanating from the turbine operations. 

Measurements were also recorded from a survey vessel at selected offshore locations in the vicinity of the 

turbines. Results from the data analyses indicated that airborne noise from the turbine operations was not 

detected at the onshore monitoring station on Block Island at any time during the 14 weeks of monitoring, 

and airborne noise levels in the vicinity of the turbines were low. Noise levels were sampled 65 decibels 

(dB) Equivalent Continuous Sound Pressure Level (LAeq),1 m at 50 meters (m) from the turbine tower, 

and even this level of noise appears to be significantly influenced by natural ambient noise. In isolation, 

the airborne noise from turbine operations would be less than the 65 dB LAeq,1 m.  

                                                      
1 During the Block Island Wind Farm operational phase, sediment samples from the seabed also were collected and 

analysed for changes in abundance and diversity of benthic organisms; results from the benthic assessment are 

reported in an accompanying document entitled: Benthic Monitoring During Wind Turbine Installation and 

Operation at the Block Island Wind Farm, Rhode Island, OCS BOEM 2018-047 (HDR 2019d). 
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The lack of detected airborne noise from the operating turbines during high output periods also may be 

partially attributable to an increase in onshore background noise levels from rustling of vegetation caused 

by the high winds that are responsible for increased output from the turbines. The overall conclusion 

from the operational phase airborne noise monitoring is that, as part of a risk mitigation plan, this 

type of monitoring could be bypassed for future facilities. 

Underwater Sound Monitoring  

Underwater acoustic and seismic signals were measured and recorded during winter (20 December 2016 

to 7 January 2017) and late summer (2 October to 3 November 2017) conditions. In addition, extended 

underwater acoustic monitoring also was conducted over 100 days during summer 2017 (15 July to 24 

October 2017). Several different kinds of monitoring systems were deployed. Monitoring was conducted 

at different depths and ranges, for varying durations, and at different times of the year to gather data for 

evaluation of spatial, temporal, and seasonal differences. Recreational fishing activity was observed each 

time the site was visited.  

The acoustic data were analyzed for level, frequency content, and temporal properties, including 

impulsiveness. Concurrent oceanographic and geologic conditions were also measured during monitoring 

and incorporated into the data analyses and conclusions. Unlike the construction phase monitoring during 

which sensors could only be placed outside the U.S. Coast Guard established 457.2 m (1,500 feet or 500 

yards) safety zone around each foundation site, during the operational phase acoustic measurements were 

recorded at 50 to 100 m (164 to 328.1 feet) and beyond from selected turbine foundations. 

Results from the winter 2016 and summer 2017 short-term monitoring indicated that sound levels 

emanating from the operating turbines were lower than expected and primarily consisted of one or more 

low-frequency, modulated tonals at or above 70 Hertz (Hz).  

The short-term winter monitoring period was marked by stormy weather. During calm periods between 

storms, sound suspected to be from wind turbine generator (WTG) 5 was measured as a modulated 

sinusoidal signal at approximately 71 Hz. Lower level spectral lines were also recorded, but these lower 

measurements could not be conclusively attributed to turbine operations. The sound speed profile was 

almost constant throughout the water column during the measurement period. Surface wave heights 

peaked at approximately 5 m during the stormy winter measurement period mixing the water column and 

causing the sound speed profile to be isovelocity (constant sound speed). Other sources of sound 

measured included vocalizations from fin whales and humpback whales, and from shipping. Measured 

particle velocities were below the threshold of some of the fishes for which audiograms are available. 

Overall, sound pressure levels measured in winter during turbine operations were lower than those 

recorded during the construction phase. 

Results from the short-term late summer monitoring indicated that underwater sound between 

approximately -70 Hz and 120 Hz was recorded in the water column on all four channels of a vertical line 

array placed 100 m away from WTG 1. Simultaneous air noise measurements also showed tonals near 71 

Hz indicating that the source of the operational sound from the wind turbines may be due to aero-

dynamical sources. Acoustic signals less than 40 Hz were also recorded; these are most likely attributable 

to mooring noise due to windy events and high currents. A large increase in sound was recorded after 23 

October; this is most likely caused by storms. Similar to the winter measurements, the sound speed profile 

in summer was almost a constant throughout the water column, but the speed was higher because of 

warmer waters. 

Data also indicated that numerous vessels transited the survey area during the monitoring period. Tonals 

were also measured on the bottom mounted hydrophones co-located with the geophones. Statistical 

analyses indicated that the mean sound levels were independent of wind turbine location except for larger 

variability near WTG 1 likely due to increased shipping near that turbine. Particle velocities measured in 
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late summer were higher than measured during the winter 2016 measurements. The signals were still 

below the threshold of some of the fishes for which audiograms are available. Overall, sound pressure 

levels measured in late summer during turbine operations were lower than those recorded during the 

construction phase. 

Extended underwater acoustic monitoring was also conducted during summer 2017 using a stationary 

hydrophone located 50 m (164 feet) south of WTG 5. Data were sampled continuously over 100 days 

between 15 July and 24 October. Over the 100-day monitoring period, sound levels were sampled for all 

typical turbine operating and weather conditions, from calm and still to wind speeds of up to 23 meters 

per second (m/s), in excess of the speed required to drive the turbine rotor at maximum speed 

(approximately 12 revolutions per minute [rpm]). Wind speeds over the monitoring period ranged from 

flat calm to 22 m/s and a maximum rotor speed of 11 rpm. 

Operational data for the turbines (rotational speed for the turbines, wind speed, and wind direction) 

concurrent with the monitoring period were obtained from Deepwater Wind and used in the analyses. The 

operational data indicated that from the turbine cut-in to maximum speeds in rpm (approximately 3 to 12 

rpm) and wind speed in m/s tracked closely under normal operation, such that at wind speeds of 5 m/s the 

rotation speed was 5 rpm, at 9 m/s the rotation was 9 rpm, etc. 

Monitoring data analysis indicated that in general, underwater noise produced by the operating turbines 

linearly increased with the wind speed. Strong anthropogenic noise contributions were detected at 

approximately 12 Hz, and multiples thereof, and the noise from the operational turbine exceeded the 

ambient noise, caused by wind and sea state, at the monitoring location.  

Substantial tonal sound was detected at the 10 kilohertz (kHz) and 20 kHz ӎ octave center-frequency 

bands, which varied little throughout the monitoring period. The source of this sound is unknown, but the 

fluctuations in the levels (±1 dB) do not correlate with wind speed. This tonal sound was not detected in 

verification measurements using different equipment, so is most likely to be generated by the monitoring 

system itself. 

The noise emissions produced by the BIWF turbines (which are not equipped with a gear box) did not 

have the tonal characteristics of wind turbines in Europe, which are generally associated with mechanical 

systems within the device that are typically source of noise, such as a gearbox. Strong tones at 10 kHz and 

20 kHz were also identified during the monitoring; but the source of these higher frequency tones could 

not be determined. Follow on measurements with different equipment did not replicate these tones and it 

is hypothesized that these higher frequencies may be associated with electrical noise in the monitoring 

equipment. In the absence of these tones and most other underwater noise contamination (e.g. from 

passing vessels), the average underwater noise at 50 m from the turbine was 119 dB sound pressure level 

root mean square referenced to 1 micro Pascal over the survey duration. 

Based on an analysis of data up to 8 kHz, it was concluded that under worst-case assumptions and using 

the 2018 NMFS and Popper et al. (2014) noise impact thresholds, no risk of temporary or permanent 

hearing damage (permanent threshold shift or temporary threshold shift) could be projected even if the 

receptor remained in the water at 50 m (164 ft) from the turbine for a full 24-hour period. 

The overall conclusion from the operational phase underwater acoustic monitoring is that given the 

1) low levels of sound recorded by the various sensors under differing environmental and weather 

conditions and 2) very low probability of these low levels causing potential harm to fish and marine 

mammals, operational phase underwater acoustic monitoring may not provide much additional 

value for future facilities. As part of a risk mitigation plan, this monitoring phase could be 

bypassed. 
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The data, results, and conclusions presented in this report were generated for the Bureau of Ocean Energy 

Management by the HDR Real-Time Opportunity for Development Environmental Observations Team 

under IDIQ Contract M15PC00002, Task Order M15PD00025.  
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1 Introduction 

This report presents methods, data, observations, results, and conclusions from real-time environmental 

monitoring surveys conducted in and around the Block Island Wind Farm (BIWF) Project Area (Figure 

1) during wind turbine operations. Visual observations of the operating turbines, airborne noise 

monitoring, and underwater sound monitoring were performed. The monitoring was conducted under the 

Bureau of Ocean Energy Managementôs (BOEMôs) Real-Time Opportunity for Development 

Environmental Observations (RODEO) Program.  

1.1 The RODEO Program  

The purpose of the RODEO Program is to make direct, real-time measurements of the nature, intensity, 

and duration of potential stressors during the construction and initial operations of selected proposed 

offshore wind facilities. The purpose also includes recording direct observations during the testing of 

different types of equipment that may be used during future offshore development to measure or monitor 

activities and their impact-producing factors.  

BOEM conducts environmental reviews, including National Environmental Policy Act analyses and 

compliance documents for each major stage of energy development planning which includes leasing, site 

assessment, construction, operations, and decommissioning. These analyses include: 1) identification of 

impact producing factors (stressors) and receptors such as marine mammals and seafloor (benthic) 

habitats, and 2) evaluation of potential environmental impacts from the proposed offshore wind 

development activities on human, coastal, and marine environments. The analyses require estimations of 

impact-producing factors such as noise and the effects from the stressor on the ecosystem or receptors. 

Describing the impact-producing factors requires knowledge or estimates of the duration, nature, and 

extent of the impact-generating activity. Because there have been no offshore facilities constructed in the 

United States prior to BIWF, model predictions will be used primarily to forecast likely impacts from 

future projects. 

The RODEO Program data may be used by BOEM as inputs to analyses or models that evaluate the 

effects or impacts from future offshore wind turbine construction and operations, as well as facilitate 

operational planning that would reduce potential impacts to the greatest extent possible. The 

understanding and insights gained from the BIWF monitoring program data analyses will help BOEM to 

identify, reduce, and mitigate environmental risks in the future, and significantly increase the efficiency 

and efficacy of BOEMôs regulatory review process for offshore wind development in the United States. 

Finally, data collected by the BIWF monitoring program will support prioritization of future monitoring 

efforts and risk retirement. For example, if the BIWF monitoring data indicate that likelihood of impacts 

from a particular project development phase is low or inconsequential, then such phases may not be 

monitored during future projects. 

It is important to note that the RODEO Program is not intended to duplicate or substitute for any 

monitoring that may otherwise be required to be conducted by the developers of the proposed projects.  

Therefore, RODEO monitoring was limited to selected parameters only.  Also, RODEO Program 

monitoring is coordinated with the industry and is not intended to interfere with or result in delay of 

industry activities.  

The BIWF is the first facility to be monitored under the RODEO Program. All monitoring surveys were 

implemented in accordance with a pre-approved Field Sampling Plan, which included a project-specific 

Health and Safety Plan (Appendix A). Table 1 identifies the types of field data collected under the 

RODEO Program during construction and/or initial operations of this facility. 
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Figure 1. BIWF Project Area.  

Rhode Island 

Block 

Island 



 

7 

Table 1. RODEO Program monitoring conducted at the BIWF. 

 

Phase Key Activities Dates Monitoring Surveys Comment 

Construction 
Phase 1 

¶ Steel jacket foundations 
were installed on the 
seabed using two different 
types of hammers. Both 
derrick barges and a lift 
boat were used as 
construction platforms. 
Piles were installed with a 
13.27° rake from the 
vertical. 

26 Julyï26 
October 2015. 

 

¶ Visual observations and 
documentation of the construction 
activities. 

¶ Airborne noise monitoring 
associated with pile driving. 

¶ Underwater sound monitoring 
associated with pile driving. 

¶ Seabed sediment disturbance and 
recovery monitoring through 
bathymetry surveys conducted 
immediately after construction was 
completed and in approximately 
3-month intervals for one year. 

¶ Turbine platform scour monitoring 
through installation of two scour 
monitoring devices on selected 
WTG foundations. 

¶ An Acoustic Wave and Current 
Profiler was also deployed within 
the project area. 

Results, conclusions and 
recommendations from 
Construction Phase 1 
monitoring were presented in 
the report entitled ñField 
Observations during Wind 
Turbine Foundation 
Installation at the Block Island 
Wind Farm, Rhode Island. 
Final Report to the U.S. 
Department of the Interior, 
Bureau of Ocean Energy 
Management, Office of 
Renewable Energy Programs, 
OCS Study BOEM 2018-029 
(HDR 2018a).ò   

 

Construction 
Phase 2 

¶ WTGs were installed on 
the steel foundations. 

3 Augustï18 
August 2016. 

 

¶ Airborne noise monitoring. 

¶ Visual observations and 
documentation of activities. 

Results, findings, conclusions, 
and recommendations from 
the Phase 2 Construction 
Monitoring are presented in 
the report entitled: ñField 
Observations During Wind 
Turbine Installation at the 
Block Island Wind Farm, 
Rhode Island, OCS Study 
BOEM 2019-027 (HDR 
2019a).ò
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Phase Key Activities Dates Monitoring Surveys Comment 

¶ Submarine transmission 
power cables connecting 
Block Island and mainland 
were laid using a jet 
plowing in the offshore 
portions and horizontal 
directional drilling in the 
near shore area. 

3 Juneï26 June 
2016. 

¶ Visual observations and 
documentation of the cable laying 
activities and of turbine installation 
from both on shore and off shore 
locations.  

¶ Still photography and filming of 
portions of trenching operations for 
cable laying. 

¶ Seabed sediment disturbance 
monitoring. 

¶ Post-construction seabed recovery 
through bathymetry surveys.  

For details see report entitled: 
ñObserving Cable Laying and 
Particle Settlement During the 
Construction of the Block 
Island Wind Farm.  Final 
Report to the U.S. Department 
of the Interior, Bureau of 
Ocean Energy Management, 
Office of Renewable Energy 
Programs, OCS Study BOEM 
2017-027 (Elliot et al. 2017).  

Operational 
Phase 

¶ Testing of the newly 
installed turbines. 

¶ Testing of the submarine 
transmission power 
cables.  

Operational testing 
conducted from 29 
Augustï30 
November 2016. 

 

¶ Visual observations of the 
operational wind farm from on shore 
and off shore locations at varying 
distances.  

Results, conclusions, and 
recommendations from 
monitoring conducted during 
turbine operations are 
presented in an accompanying 
report entitled: ñField 
Observations during Wind 
Turbine Operations at the 
Block Island Wind Farm, 
Rhode Island, OCS Study 
BOEM 2019-028 (HDR 
2019b).ò

 

¶ Facility operations. 

 

Wind farm 
operation began 
on 2 December 
2016. 

¶ Airborne noise monitoring. 

¶ Underwater sound monitoring.  

¶ Seabed sediment disturbance and 
recovery monitoring. 

 ¶ Benthic monitoring. Results, conclusions, and 
recommendations from this 
monitoring are presented in an 
accompanying report entitled: 
ñBenthic Monitoring During 

Wind Turbine Installation and 
Operation at the Block Island 
Wind Farm, Rhode Island, 
OCS Study, BOEM 2018-047 
(HDR 2018b).ò 
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Phase Key Activities Dates Monitoring Surveys Comment 

Follow-on Data 
Analyses 

¶ Additional in-depth 
analyses were conducted 
using data collected 
during construction Phase 
1. 

28 Julyï 31 
December 2019 

¶ No field surveys. Only desk-top data 
analyses and preliminary 3-
dimensional modeling with were 
conducted during this phase. 

Results, finding, conclusions 
and recommendations from 
the additional data analyses 
are presented in an 
accompanying report entitled: 
ñUnderwater Acoustic 
Monitoring Data Analyses for 
the Block Island Wind Farm, 
Rhode Island, OCS Study 
BOEM 2019-029 (HDR 
2019c).ò 
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1.2 The Block Island Wind Farm   

The BIWF is the first offshore wind farm in the United States, located 4.5 kilometers (km) (2.8 mi [mi]) 

from Block Island, Rhode Island. Water depth in the wind farm area is approximately 30 meters (m) (98.4 

feet [ft]). The five-turbine, 30-megawatt facility is owned and operated by Deepwater Wind Block Island, 

LLC. Power from the turbines is transmitted to Block Island. A 32 km (19.9 mi) transmission submarine 

power cable transfers excess power from Block Island to the mainland. This cable is buried under the 

ocean floor and makes landfall on the mainland, north of Scarborough Beach at Narragansett. 

BIWF construction began in July 2015, and was conducted in a phased manner through November 2016. 

During the first phase, five turbine foundations were installed on the seabed from 26 July to 26 October 

2015. These turbines were designated as wind turbine generator (WTG) 1 to WTG 5. Unlike in Europe 

where the majority of the offshore wind turbines have monopile foundations, the BIWF turbine 

foundations consist of a four-legged jacket structure, which is tailored to accommodate the complex 

aerodynamic and hydrodynamic loading of deep waters. The four legs of the jacket structure are raked at 

an angle of 13.27° to the vertical. 

Phase 2 construction was completed in two steps.  In Step 1, which was initiated in January 2016, 

submarine power cables were laid on the seabed. In Step 2, which was conducted over a two-week period 

in August 2016, a turbine tower, a nacelle, and three blades were assembled on each of the five WTG 

transition decks. During this assembly, the first of three turbine tower sections was bolted in place on 

each transition deck and then the other two sections were sequentially placed on top of the first section. A 

nacelle was then connected to the top of the tower and three blades were installed on the nacelle. 

Operational testing of the facility was conducted from August through November 2016, and the initial 

operations commenced on 2 December 2016. 

1.3 BIWF Operational Phase Monitoring  

Operational testing was conducted at the wind farm from August through November 2016, and the facility 

began commercial operations on 2 December 2016. The following types of monitoring were conducted 

under the RODEO Program during the BIWF operational phase: 

1. onshore and offshore visual observations 

2. onshore and offshore airborne noise monitoring  

3. short- and long-term underwater sound monitoring 

4. benthic and epifouling monitoring.2 

Monitoring methods, data, results, and observations from the first three types of monitoring are presented 

in this document. 

1.4 Report Organization 

Key results, major observations, and conclusions from each type of environmental monitoring conducted 

during turbine operations are summarized in individual sections in this report. Where applicable, raw data 

and detailed discussions from the monitoring are contained in technical reports, which are provided as 

digital appendices to this summary report:   

                                                      
2 The results from this monitoring are presented in an accompanying document entitled ñBenthic Monitoring During 

Wind Turbine Installation and Operation at the Block Island Wind Farm, Rhode Islandò OCS Study BOEM 2018-

047 (HDR 2019d). 



 

11 

¶ Section 1 presents an overview of the BIWF Facility and the RODEO Program and includes a 

summary description of the BIWF operations.  

¶ Section 2 describes methods and key points from the onshore and offshore visual observations of 

the operating turbines.  

¶ Section 3 contains a description of the methods, data analyses, results, and observations from the 

onshore and offshore airborne noise monitoring.  

¶ Section 4 presents the methods, data analyses, results, and observations from the underwater 

acoustic monitoring. 

¶ Section 5 lists references cited in the report. 

2 Visual Monitoring  

The purpose of the operational phase visual monitoring was to document visibility of the operating 

turbines from selected onshore and offshore locations under varying conditions and at different times. All 

field activities were conducted in accordance with a BOEM-approved Field Sampling Plan, which 

included a project-specific Health and Safety Plan (Appendix A). Visual observations were recorded by a 

team of two observers over a five-day period (19 to 23 June 2017). On-site training was conducted by the 

Field Team Leader at the start of the field effort to ensure consistency in describing activities and 

recording observations by the observers.  

The observations were recorded from the following three strategically selected onshore locations (Figure 

2):  

¶ The Southeast Lighthouse, which is located approximately 4.6 km (2.83 mi) from the turbines 

¶ Point Judith, located approximately 26.32 km (16.35 mi) from the turbines  

¶ Brenton Point State Park, which is located approximately 38.28 km (23.79 mi) away. 

Data were recorded daily at early morning, mid-day, late afternoon, and at night (approximately 1 hour 

after sunset). The night-time shoreline observations were intended to record and characterize the turbine-

associated lighting visible from shoreline. In addition to the post-sunset shoreline observations, one round 

of offshore observations also were conducted on a clear night from a locally chartered fishing vessel, the 

F/V Hula Dog, to determine how far from the turbines the lights were visible after sunset.  

During daytime and nighttime, shoreline observations included taking a series of photographs from a 

fixed location, at the same angle, using a constant zoom setting with a tripod-mounted camera setup. In 

addition, a vessel was used to determine how far offshore the turbine lights could be seen at night. For 

this assessment, photographs of the turbines were taken from the survey vessel as it travelled away from 

the facility until the lights were no longer visible. Video recordings were made as necessary to document 

unusual sightings or infrequent occurrences. Visual monitoring field logs and meteorological conditions 

affecting the visibility of the turbines are shown in Appendix B.  

During each recording event, a set of still photographs and high-resolution video of the operating turbines 

were recorded from the monitoring location using a Canon 5D Mark III camera with a 70- to 200-

millimeter (mm) telephoto lens and Canon 7D with a 100 to 400 mm lens . The telephoto lens was wide 

enough to capture ambient lighting and environmental conditions and had the capability of zooming in for 

closer images. To ensure that photographs taken at different times could be compared side-by-side, the 

same camera angle and a constant zoom setting was used, and the camera was mounted on a tripod to 

maintain image consistency. The 5-day monitoring period was characterized by a range of meteorological 

conditions, from heavy fog to clear days.  

Observations were recorded using a customized iPad application (app), which was specially created for 

this project using the database platform FileMaker Go. A screenshot of the iPad app input screen is shown 
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in Figure 3. The app was field tested prior to field monitoring, and standardized data entry procedures 

were used for data entry to ensure consistency among field observers. Observers took a photograph and 

then recorded the photograph frame number along with notes of activity observed, time, and weather 

conditions. Meteorological data recorded included wind direction, sea state, cloud cover, and humidity. 

These data were verified, quality checked, edited if needed, and backed up on a dedicated hard drive at 

the end of each day. 

 

Figure 2. Visual Monitoring Locations.  
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Figure 3. Sample data log screen from the iPad App.  

2.1 Observations  

2.1.1 Southeast Lighthouse 

The WTG coordinates and their distance from Southeast Lighthouse are listed in Table 2. The lighthouse 

is situated on top of Mohegan Bluff at the southeastern corner of the island at an elevation of 

approximately 75 m (246 ft) above mean sea level and approximately 4.6 km (2.83 mi) away from the 

wind farm. From the lighthouse grounds, the survey team had a clear unobstructed view of the turbines as 

they were assembled on the foundations. Access to the lighthouse grounds was coordinated with the 

Southeast Lighthouse Foundation. 

Clear weather prevailed on 22 June 2017. There was some cloud cover with a high temperature of 75 

degrees Fahrenheit, humidity at approximately 84 percent with a slight southwest wind. Photographs of 

the spinning turbines taken on this date are shown in Figures 4 and 5.  Figure 6 shows a photograph 

taken from Block Islandôs Old Harbor, which is located to the south of the ferry dock. Figure 7 is a night-

time photograph, which shows the navigational warning lights on WTG 3. 
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Table 2. WTG coordinates and distance from Block Island. 

WTG  
Latitude  

(Deepwater Wind 2016) 
Longitude  

(Deepwater Wind 2016) 
Distance from Block 

Island  

1 41
o 
7.546ô N 71

o 
30.451ô W 4.55 km (2.83 mi) 

2 41
o 
7.193ô N 71

o 
30.837ô W 4.69 km (2.91 mi) 

3 41
o 
6.883ô N 71

o
 31.270ô W 4.81 km (2.99 mi) 

4 41
o 
6.609ô N 71

o 
31.744ô W 4.97 km (3.09 mi) 

5 41
o
6.380ô N 71

o
32.258ô W 5.17 km (3.21 mi) 

 

Figure 4. WTG 3 as seen from the Southeast Lighthouse on a clear day (22 June 2017) 
(Photograph taken with lowest camera focal length setting of 100 mm). 

 

Figure 5. WTGs 4 and 5 seen from the Southeast Lighthouse on a clear day (22 June 2017) 
(Photograph taken with lowest camera focal length setting of 100 mm).  
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Figure 6. View of the turbines from Old Harbor, Block Island (22 June 2017).  

 

Figure 7. WTG 3 as seen from the Southeast Lighthouse at night (22 June 2017; 9:15 pm).  
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The area experienced heavy fog on 19 and 20 of June 2017 and under foggy conditions the turbines and 

its lights were not visible from approximately XX km (3 mi) away (Figure 8). Figure 9 shows a 

photograph taken in the early morning of 22 June 2017 prior to the haze burning off from the water area. 

Conditions on Block Island were clear at this time. 

 

Figure 8. WTGs are not visible from Block Island because of heavy fog on 20 June 2017.  

 

Figure 9. WTG 5 barely visible from Block Island because of haze on 22 June 2017.  
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2.1.2 Point Judith 

The WTG coordinates and their distance from Point Judith shoreline are shown in Table 3. Observations 

were recorded from the Camp Cronin Fishing Area, which is situated to the west of Point Judith 

Lighthouse, approximately 2.82 km (1.75 mi) from the Block Island ferry terminal. The turbines are 

located approximately 26.32 km (16.35 mi) offshore. Coordinates of the monitoring station were: 

41°21'43.8"N 71°29'09.3"W. During the day, this area was not congested with visitors, and at night it was 

characterized by low ambient lighting. 

Table 3. WTG coordinates and distance from Point Judith. 

WTG  
Latitude  

(Deepwater Wind 2016) 
Longitude  

(Deepwater Wind 2016) 
Distance from Pt. Judith  

1 41o 7.546ô N 71o 30.451ô W 26.32 km (16.35 miles) 

2 41o 7.193ô N 71o 30.837ô W 27.01 km (16.78 miles) 

3 41o 6.883ô N 71o 31.270ô W 27.64 km (17.17 miles) 

4 41o 6.609ô N 71o 31.744ô W 28.22 km (17.54 miles) 

5 41o6.380ô N 71o32.258ô W 28.74 km (17.86 miles) 

On a clear day, both Block Island and the turbines were visible from the monitoring station with the 

naked eye during the day and at night. Figures 10 and 11 depict the turbines as seen from the Point Judith 

monitoring station on a clear day (22 June 2017).  

Figure 12 shows a nighttime view from Point Judith on 21 June 2017; all five 5 WTGs are visible along 

with lights on Block Island. The turbines are not visible from Point Judith under foggy conditions as 

shown in Figure 13. 

2.1.3 Brenton State Park 

The WTG coordinates and their distance from Brenton State Park are listed in Table 4. The park is 

located near the southwestern tip of Aquidneck Island in the town of Newport, Rhode Island. It has an 

unobstructed view of Block Island, and the turbines are located approximately 38.28 km (23.79 mi) 

offshore. The coordinates of the monitoring station were: 41 27.014' N 71 21.200' W. 

Table 4. WTG coordinates and distance from Brenton State Park. 

WTG  
Latitude  

(Deepwater Wind 2016) 
Longitude  

(Deepwater Wind 2016) 
Distance from Brenton 

State Park  

1 41o 7.546ô N 71o 30.451ô W 38.28 km (23.79 miles) 

2 41o 7.193ô N 71o 30.837ô W 39.08 km (24.28 miles) 

3 41o 6.883ô N 71o 31.270ô W 39.83 km (24.75 miles) 

4 41o 6.609ô N 71o 31.744ô W 40.54 km (25.19 miles) 

5 41o6.380ô N 71o32.258ô W 41.20 km (25.60 miles) 

During daytime, Block Island is barely visible from the park and the turbines cannot be seen with the 

naked eye (Figure 14). On a clear night, however, the WTG lights can be seen from the park (Figure 15). 
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Figure 10. Block Island and the turbines as seen from the Point Judith monitoring station under 
clear conditions on 22 June 2017.  

 

Figure 11. The five turbines as seen from the Point Judith monitoring station under clear 
conditions on 22 June 2017.  
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Figure 12. Nighttime view from Point Judith on 21 June 2017; all five WTGs visible along with 
lights on Block Island.  

 

Figure 13. Turbines not visible from Point Judith under foggy conditions on 20 June 2017.  
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Figure 14. Turbines not visible from Brenton State Park during the day even under clear 
conditions.  

 

Figure 15. Lights on all five turbines are visible from Brenton State Park on a clear night.  
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2.1.4 Night-time Offshore Monitoring 

Structures that protrude into the sky, depending on their height, can create safety hazards for aircraft that 

must navigate around them. Any structure that is taller than 61 m (200 ft) above ground level is subject to 

Federal Aviation Administration lighting requirements. The BIWF turbines are 180 m (600 ft) tall and are 

therefore equipped with lights on the top so they can be clearly seen from a distance during poor weather-

related light conditions such as fog and mist and at night time. The purpose of the night-time offshore 

monitoring was to determine how far offshore the turbine lights were visible with the naked eye. 

Offshore night-time observations were recorded using a local charted fishing vessel on the night of 22 

October 2017. The vessel departed Block Island at 7 PM on a 210° heading under clear skies. Still 

photographs of the turbines were taken at periodic intervals as the vessel sailed away from the turbines 

using a Canon 5D EOS with a 100 to 400 mm lens. Observations were recorded until the vessel was 

approximately 44.3 km (27.5 mi) away at which point the turbine lights could not be seen under clear 

skies even with the use of binoculars. The furthest point from the turbines that the lights were visible with 

the naked eye was 43.1 km (26.8 mi). 

Figure 16 is a photograph taken approximately 24.1 km (15 mi) from the turbines. The photograph in 

Figure 17 was taken at approximately 42.8 km (26.6 mi) away just before the observer lost sight of the 

lights.  

 

Figure 16. All five turbines lights are visible on a clear night from approximately 24.1 km (15 mi) 
offshore.  
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Figure 17. Turbine lights from 42.8 km (26.6 mi) away just before the observer lost sight of them.  

2.2 Discussion and Conclusions  

The operating turbines were observed from various onshore and offshore locations during day-time, 

night-time, and various weather conditions. Key conclusions are as follows: 

¶ During daytime and under clear weather conditions, the turbines are noticeably visible from the 

Southeast Lighthouse shoreline on Block Island (approximately 4.6 km [2.83 mi] away). 

¶ During daytime and under foggy conditions, the turbines and its lights cannot be seen from 

approximately 4.6 km (2.83 mi) away. 

¶ From the Point Judith shoreline, on a clear day, both Block Island and the turbines are visible 

with the naked eye during the day and at night. 

¶ Neither the island nor the turbines are visible from Point Judith under foggy conditions. 

¶ During daytime, Block Island is barely visible from Brenton State Park, which is located 

approximately 38.28 km (23.79 mi) from the turbines and the turbines cannot be seen with the 

naked eye. 

¶ On a clear night, however, the turbine lights are visible from Brenton State Park. 

¶ Offshore, at nighttime and under clear skies, the turbine lights are visible with the naked eye up to 

43.05 km (26.75 mi). The lights cannot be seen even with binoculars on a clear night at an 

offshore distance of 44.3 km (27.5 mi). 

Overall, day-time visibility of the turbines from land and water is strongly dependent upon weather 

conditions and distance. At night, the turbine lights can be seen on a clear night from as far away as 42.8 

km (26.6 mi).  
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3 Airborne Noise Monitoring 

The construction and operation of an offshore wind farm will necessarily generate noise from sources 

such as transportation of construction equipment and materials, operation of construction equipment 

including pile driving, and operation of the assembled wind turbines. Because 1) the purpose of the 

RODEO Program is to make direct, real-time measurements of the nature, intensity, and duration of 

potential stressors during the construction and operations of offshore wind facilities and 2) both airborne 

noise and underwater sound could potentially be major stressors, an elaborate airborne noise and 

underwater sound monitoring program was undertaken during the construction and operational phases of 

the BIWF. The objective of the program was to collect real-time data that would be used to improve 

model predictions of likely impacts associated with future offshore wind facilities. 

Methods, results, and conclusions from airborne noise monitoring conducted during the construction 

phase were previously reported (HDR 2018). Methods, results, and conclusions from airborne noise 

monitoring conducted during the installation of the tower sections on the WTG foundations are presented 

in an accompanying document3. Methods, results, and conclusions from airborne noise monitoring 

conducted during wind turbine operations are presented in this section. 

Continuous airborne noise monitoring was conducted at an onshore location over a three-month period (8 

February to 28 May 2017) to record noise levels emanating from the turbine operations. A Svantek 979 

sound level meter, connected to an external power supply, was installed at the top of the Southeast 

Lighthouse, with the microphone extending 1 m (3.3 ft) from the side of a lighthouse window, with full 

view of the ocean to the south (Figure 18).  

 

Figure 18. View of the Southeast Lighthouse with microphone protruding from the right of the 
lighthouse, above the roof line of the building behind the lighthouse. [Right] View of microphone 
from the lighthouse window.  

                                                      
3 Field Observations During Wind Turbine Installation at the Block Island Wind Farm, Rhode Island, OCS BOEM 

2019-027 (HDR 2019a). 
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In addition, offshore noise airborne level monitoring also was conducted during the operational phase 

using a Svantek 979 sound level meter installed on a survey vessel, the 36ôR/V Rooster. The microphone 

was located approximately 2 m (6.6 ft) above sea level with the vessel drifting past the turbine with the 

wind, and with the engines shut down on the vessel. Measurements were taken continuously along the 

passing transect, with the closest point to the turbine between 50 and 100 m (164 and 328 ft) from the 

turbine tower, but were observed up to 750 m (2,460.6 ft) and beyond. 

Results and key findings from the monitoring are summarized below. All noise measurements are 

reported as decibels (dB) relative to 20 micropascals4 (µPa). Additional details are presented in Appendix 

C. 

3.1 Onshore Airborne Noise Monitoring Results 

Data from the 14-week survey indicated that airborne noise from turbine operations was inaudible at the 

monitoring location on Block Island. A representative dataset from the onshore monitoring is shown in 

Figure 19, which illustrates data from monitoring conducted in March and April 2017. Wind conditions 

are shown at the top of the figure for comparison. The horizontal red bar in the wind conditions chart 

identifies the southeast compass point. The red boxes show the times when the monitoring location was 

downwind of the BIWF, i.e., where the red dots coincide with the red bar. 

 

Figure 19. Noise measurement summary at the Southeast Lighthouse, 6 to 13, March 2017. Top 
chart: wind speed (blue line) and wind direction (red dots). Transparent red bar shows south-east 
orientation. 2

nd
 chart: dB LAFmax5 noise level time history. 3

rd
 chart: dB LAFeq (10 minute 

average) noise level time history. Bottom chart: LAeq6 spectrogram showing frequencies between 
10 Hz and 10 kHz.  

                                                      
4 Approximately the quietest sound a human can hear on land. 

5 LAFmax = A-weighted, fast response, maximum, sound level, note: maximum is not peak 

6 LAeq = A-weighted, equivalent sound level 
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In Figure 19, the continuous high noise levels observed on 27 March extending into 28 March are caused 

by the foghorn warning system near to the lighthouse. This also appears on the night of 1 April but is lost 

in the loud background noise, caused by high winds. 

There are a number of low-level tonal noises visible across the spectrogram; these can be seen as faint 

horizontal lines primarily starting from just under 100 Hertz (Hz) to just under 1,000 Hz, which do not 

coincide with the foghorn. These tend to coincide with times when the wind is blowing towards the 

BIWF. These would need to be loud to propagate from the turbines against the wind, and thus there is 

neither evidence nor indication that the noise is related to the turbines in any way. It may be caused by 

wind ówhistlingô around structures near the lighthouse. 

The period of late-night 30 March through the middle of the day on 1 April provides the most useful data, 

as it shows an increasing wind speed with a continuous southeasterly direction. The low wind speed at the 

start of the period is reflected in the low noise levels. Increasing wind leads to increasing broadband noise 

levels as would be expected where produced by vegetation (e.g., wind in the trees and bushes). Any 

potential tonal noise or hum that could be indicative of the operational WTGs is masked by the ambient 

noise at the time. 

There are some isolated and intermittent features that can be seen in the figure at 2 to 3 kilohertz (kHz), 

e.g., in the morning of 30 March, and in the morning and evening of 2 April. Although distinct, these 

generally occur at upwind times and so are unlikely to be linked to the turbines. 

3.2 Offshore Airborne Noise Monitoring Results 

The following two sets of measurements were taken from the survey vessel in the immediate vicinity of 

the turbines:  

¶ 19 October 2017, 13:00-14:00. Wind NE approximately 8 to 9 meters/second (m/s), dry, blade 

speed approximately 11 revolutions per minute (rpm). 

¶ 3 October 2018. 13:45-14:35. Wind SW approximately 3 to 4 m/s, dry, blade speed 

approximately 6 rpm. 

The wind speed during measurements was strong enough to turn the blades at approximately 6 rpm. The 

wind was not high enough to cause significant wave breaking, although some contribution from 

background noise caused by waves against the side of the vessel could not be avoided. Initial analysis of 

the noise measurements proved challenging; although perceptible to a human observer, the noise was 

difficult to identify around the background noise using standard analysis of overall (A-weighted) or 1/3 

octave band frequency analysis, even at distances less than 200 m (656 ft) from the tower. 

The audible noise could be broken down into two components: continuous noise, or hum, from the WTG 

internal machinery, and the regular óswishô from blades as they passed. There also appeared to be an 

indirect contribution from wind passing around the tower or blades. 

High resolution (narrow-band frequency) analysis of measurements on both days provided more 

information and showed a low-level tonal contribution between 70 and 80 Hz on both sampling days in 

2017 and 2018. Another band at 2 kHz was audible and visible in narrowband analysis on 3 October 2018 

only.  

On 19 October 2017, a noise level from 63 to 67 dB LAFeq was measured during blade swishes at 

approximately 50 m (164 ft), drifting downwind and away from the turbine tower WTG 5, equivalent to 

65 dB LAeq,1m. Longer term sampling was not possible as the vessel was allowed to drift to minimize 

background noise. Although this was the cleanest measurement taken, with the minimum of 

contamination from óself-noiseô (primarily wave slap on the vessel, and waves breaking), this figure can 

only be an indicative guide and it is not recommended to be used in any formal assessment due to the 
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many contributing factors, primarily the variable distance and significant contribution from natural 

sources.  

An illustrative sample is shown in Figure 20. Fluctuating wind noise as it blows around the tower and 

blade structure causes increases between 3,000 and 4,000 Hz. Blade passes (swish) can be seen as mid-

frequency vertical bars approximately every second; this may imply an airborne-water noise path 

contribution to the noise from the wind turbine. Any noise directly generated by the turbine machinery 

appears to be limited to frequencies below 50 Hz, with most noise produced by the movement of air.  

 

Figure 20. Spectrogram showing narrow-band analysis of offshore noise measurement, 19 
October 2017, at approximately 50 m downwind of BIWF WTG 5 to show characteristics. 
Horizontal axis: Time (seconds); Vertical axis: Frequency (Hz).  

3.3 Discussion and Conclusions 

Airborne noise from turbine operations was not detected at the onshore monitoring station on Block 

Island at any time during the 14 weeks of monitoring, and noise levels in the vicinity of the turbines were 

low. Noise levels were sampled 65 dB LAeq,1m at 50 m (164 ft) from the turbine tower, and even this 

level of noise appeared to be significantly influenced by natural ambient noise. In isolation, the airborne 

noise from turbine operations would be less than the 65 dB LAeq,1m.  

The lack of airborne noise detected may also be due in part to the fact that when the turbines are operating 

at high outputs, the background noise levels also increase onshore due to movement of vegetation.  The 

overall conclusion from the operational phase airborne noise monitoring is that as part of a risk 

mitigation plan this type of monitoring could be bypassed for future facilities. 
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4 Underwater Sound Monitoring 

Numerous studies have been conducted in Europe to investigate underwater sound associated with wind 

turbine operations (Westerberg 1994, Degn 2000, Lindell 2003, Nedwell et al. 2004, Thomsen et al. 2006, 

Nedwell et al. 2007, Nedwell et al. 2011a, b). In general, the sound associated with wind turbine 

operations has been described as continuous in nature, and characterized by one or more tonal 

components typically at frequencies below 1,000 Hz (Degn 2000, Betke et al. 2004, Madsen et al. 2006, 

Wahlberg and Westerberg 2005, Tougaard et al. 2009, Sigray and Andersson 2011). 

The consensus is that the sound from the operating turbines originates from the rotation of the wind-

powered components, which causes mechanical vibrations in the nacelle that are transmitted down to the 

turbine foundation and into the surrounding water column and seabed. The correlation of mechanical 

vibrations of the turbine tower with sound pressure and particle motion measurements in the water 

column has been reported by several studies including Lindell (2003) and Sigray and Andersson (2011) 

and has been corroborated through model simulations (Marmo et al. 2013).  

The relationship between wind speed induced rotation of the turbine components and the radiated 

underwater noise characteristics during particular wind conditions has also been investigated by several 

researchers (Lindell, 2003; Betke, 2004; Tougaard et al., 2009; Sigray and Andersson, 2011).   

Similar to all European offshore wind turbines, the BIWF turbine operations also were expected to 

produce some level of underwater sound that would radiate into the surrounding water column and 

adjacent seabed. Underwater sound monitoring was therefore conducted within the project area to gather 

data for characterizing sound levels, frequency content, and temporal properties. Data were also compared 

to the updated 2018 temporary and the permanent threshold (TTS and PTS) shift onset criteria 

recommended by the National Marine Fisheries Service Marine Mammal Guidance (2018). 

Different types of acoustic sensors and recorders were deployed at strategic onshore, offshore, and 

underwater locations within the BIWF Project Area to record the intensity and duration of sounds 

produced during turbine construction and operations in real time. Methods, results, and conclusions from 

underwater sound monitoring conducted during the construction phase were previously reported (Elliott 

et al. 2016, HDR 2018). Methods, results, and conclusions from underwater sound monitoring conducted 

during wind turbine operations are presented in this section. 

Monitoring was conducted at different depths and ranges, for varying durations, and at different times of 

the year to gather data for evaluation of spatial, temporal, and seasonal differences. Unlike the 

construction phase monitoring during which sensors could only be placed outside the U.S. Coast Guard 

established 457.2 meters (1,500 feet or 500 yards) safety zone around each foundation site, during the 

operational phase acoustic measurements were recorded 50 to 100 meters (164 to 328.1 feet) and beyond 

from selected turbine foundations. The acoustic data were analyzed for sound pressure level, frequency 

content, temporal properties, and where appropriate impulsiveness. Concurrent oceanographic and 

geologic conditions were also measured during the monitoring and incorporated into the data analyses and 

conclusions.  

4.1 Survey Methods 

Acoustic and seismic signals were measured and recorded during winter (20 December 2016 to 7 January 

2017) and late summer (2 October to 3 November 2017) conditions. In addition, extended underwater 

acoustic monitoring was also conducted over 100 days during summer 2017 (15 July to 24 October 2017). 

The following types of monitoring systems were deployed:  

¶ An eight-element hydrophone horizontal line array (HLA), and a four-element hydrophone 

vertical line array (VLA)  for measurement of levels of sound generated by the wind turbines. 
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These stationary arrays were used to measure and record sound levels in the water column at 

specified distances from the turbines. 

¶ A stationary geosled equipped with 1) four sound pressure hydrophone tetrahedral array 

arrangement for measurement of acoustic pressure and estimation of particle velocity near the 

seabed, and 2) a three-axis geophone with a low sensitivity sound pressure hydrophone for 

measurement of sediment motion and acoustic pressure on the seabed. The geosled configuration 

was configured to measure both the seabed and water column signals in close proximity. This 

data was used to assess and predict potential impacts of the measured sound levels on pelagic and 

demersal fish. 

¶ A three-element omnidirectional microphone array with four recorders for simultaneous 

measurements of sound at the air/sea boundary to gather data to improve understanding of the 

air/sea acoustic interaction. 

¶ A towed seven-element hydrophone array coupled with a Lubell sound source. This assembly 

was used to collect acoustic transmission data used to validate a three-dimensional sound 

propagation model established for the BIWF area. The results from the 3-dimensional modeling 

are presented in an accompanying document7.  

¶ A stationary hydrophone that was deployed on the sled placed on the seabed for extended 

underwater acoustic monitoring. 

All moorings were deployed and recovered from the Woods Hole Oceanographic Institution (WHOI) 

vessel R/V Tioga (Figure 21). This vessel is equipped with an on-board GPS tracking system, sea surface 

sensors and a calibrated conductivity, temperature, and depth (CTD) sensor. 

 

Figure 21. WHOI Research Vessel R/V Tioga.  

Deployment dates, locations, and water depths for each recording system deployed during the monitoring 

are presented in Table 5. Figure 22 is a schematic that shows the relative positions of the various sensors. 

                                                      
7 Underwater Acoustic Monitoring Data Analyses for the Block Island Wind Farm, Rhode Island, OCS Study 

BOEM 2019-029 (HDR 2019c). 



 

29 

Table 5. BIWF Operational Phase Underwater Acoustic Monitoring Summary. 

Deployment 
Season/ Dates 

Systems Deployed  
Principal 

Investigator 
Deployment 
Locations 

Latitude (N)/ 
Longitude (W) 

Water Depth 
(m) 

Remarks 

Short-term Seasonal Monitoring 

Winter 2016  
(20 December 2016 
to 7 January 2017 

Vertical Line Array8 
(VLA) 

WHOI 
~7.5 Km (4.7 mi)  

from WTG 5 

41 06.38118 

71 24.30420 
26 

 
Horizontal Line Array 
(HLA) 

WHOI 
~15 Km (31.6mi)  

from WTG 5 

41 00.7514 

71 24.2037 
40 

Geosled  URI 
~100 m (328 ft) 

from WTG 5 

41 06.38298 

71 32.27400 
23 

Late Summer 2017 
(2 October to 3 

November 2017) 

4-element VLA WHOI 
~100 m (328 ft)  

from WTG 1 

41 07.5968 

71 30.4749 
28.6 

 8-element HLA  WHOI 
~120 m (394 ft) 

from WTG 5 

41 06.4454 

71 32.2319 
26 

Geosled #917/910 URI 
~100 m (328 ft) 

from WTG 5   

41 06.3921 

71 32.3147 
23 

2 October 2017 

3-element 
Omnidirectional 
microphone array with 
four recorders 

WHOI WTG 1 
41 07.5438 

71 30.4536 
NA 

Concurrent sampling in air 
and water to generate data 
for interpretation of air/sea 

interaction 

Extended Summer Monitoring  

Summer 2017 
(15 July to 24 
October 2017 

Single Hydrophone 
Monitoring System 

Subacoustech WTG 5 
41 06.3515 

71 32.1730  
30  

 

 

                                                      
8 The VLA was accidentally dislodged from its mooring by a fishing vessel halfway the deployment period. 



 

30 

 

Figure 22. Schematic showing relative placement of the various monitoring sensors for measurement of acoustic and seismic signals 
during offshore WTG operations (nominal ranges).  
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4.2 Winter 2016 Monitoring Results 

During 2016 winter, the BIWF Project Area was characterized by strong winds and multiple storms, 

which resulted in a well-mixed water column with constant temperatures near WTG 5 (Figures 23 and 

24). Farther offshore (approximately 7.5 km [4.7 mi]), the water column was approximately 2 degrees 

warmer compared to WTG 5; this would influence the speed of sound in the water column (Figure 25). 

Wave height measurements obtained from the National Oceanic Atmospheric Administration National 

Data Buoy Center indicated an average wave height of  approximately 2 m (6.5 ft) recorded by a buoy 

close to Block Island (Figure 26).  

 

Figure 23. CTD temperature profile at WTG 5 showing a well-mixed water column.  

 

 

Figure 24. Sound speed from December 21 CTD cast showing an isovelocity profile at WTG 5.  
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Figure 25. CTD Profile at 7.5 km offshore (2 degrees warmer than at WTG 5).  

 

 

Figure 26. Wave height in meters from mean low tide from a National Data Buoy Center buoy near 
Block Island indicating a stormy 2016 winter season.   
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